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Dissociation of Atrial Electrograms by Right and Left Atrial Pacing in
Patients With Atrioventricular Reciprocating Tachycardia
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Seventeen patients had atrioventricular (AV) recipro-
cating tachycardia incorporating an AV bypass tract as
the retrograde limb of the tachycardia circuit. High right
atrial pacing during tachycardia dissociated the lowsep-
tal right atrial electrogram in four of seven patients with
a left free wall bypass tract, neither of two patients with
a right free wall bypass tract, four of six patients with
a posteroseptal bypass tract and both patients with an
anteroseptal bypass tract. Pacing from the coronary sinus
during tachycardia dissociated the atrial electrogram re-
corded at the os of the coronary sinus in no patient with
a left free wall bypass tract, both patients with a right
A prior study (1) demonstrated that the low septal right
atrial electrogram (as recorded on the His bundle electro-
gram ) could be dissociated from orthodromic atrioventric-
ular (AV) reciprocating tachycardia by right atrial pacing
when the retrograde limb of the tachycardia circuit was a
left free wall bypass tract. This suggested that the portion
of the right atrium adjacent to the AV node was not a
necessary link in the tachycardia circuit. In contrast, the
low septal atrial electrogram could not be dissociated from
the tachycardia when the bypass tract was posteroseptal in
location. However, proximity of the pacing site to the tachy-
cardia circuit may be an important factor influencing the
ability to dissociate a portion of the atrium, and coronary
sinus pacing was not performed in that study .
The aim of the present study was to assess the ability of
right atrial and coronary sinus pacing to capture and dis-
sociate various atrial electrograms during orthodromic AV
reciprocating tachycardia . In so doing , our intent was to
define to a greater degree than reported previousl y the extent
of atrial participation in the orthodromic tachycardia circuit.
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free wall bypass tract, two patients with a posteroseptal
bypass tract and one patient with an anteroseptal bypass
tract.
These findings suggest two distinct inputs to the AV
node, with the left-sided input being part of the tachy-
cardia circuit in patients with a left free wall bypass
tract and the right-sided input being part of the tachy-
cardia circuit in patients with a right free wall bypass
tract. However, in some patients with a septal bypass
tract, neither the right- nor the left-sided atrial input
appears to be a necessary link in the tachycardia circuit.
We present new observations on the effects of right and left
atrial pacing during AV reciprocating tachycardia that have
important implications relating to the functional character-
istics of AV nodal input in patients with AV reciprocating
tachycardia, and to the relation of septal bypass tracts to
the AV node.
Methods
Patient characteristics. Seventeen patients who had re-
current paroxysmal supraventricular tachycardia incorpo-
rating an atrioventricular (AV) bypass tract were studied in
the electrophysiology laboratory. All antiarrhythmic drugs
were discontinued at least four half-lives before study. There
were 13 men and 4 women with a mean age (± standard
deviation) of 34 ± 15 years. Fifteen had the Wolff-Par-
kinson-White syndrome, and two had a concealed bypass
tract. The bypass tract was located in the left free wall in
seven patients and in the right free wall in two and was
posteroseptal in six and anteroseptal in two . Bypass tracts
were designated as being posteroseptal in location when the
earliest atrial activation during orthodromic tachycardia was
recorded at the os of the coronary sinus. Bypass tracts were
designated as being anteroseptal when the earliest atrial
activation occurred at the low septal right atrium (as re-
corded on the His bundle electrogram), and activation of
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the anterior right atrium preceded atrial activation recorded
at the os of the coronary sinus. In all patients, anterograde
and retrograde bypass tract conduction was typical of ex-
tranodal accessory pathways.
Electrophysiologic testing protocol. After informed
consent was obtained, the patients underwent electrophys-
iologic testing in the fasting unsedated state. Three quad-
ripolar electrode catheters were inserted percutaneously into
a femoral vein and positioned against the high right atrium
and right ventricular apex and across the tricuspid valve for
recording the His bundle electrogram. A quadripolar or
hexipolar electrode catheter (I cm interelectrode distance)
was inserted percutaneously into a subclavian vein and po-
sitioned within the coronary sinus. Electrocardiographic leads
VI, I and III and the high right atrial, His bundle and coro-
nary sinus electrograms were displayed on an oscilloscope
and recorded on a VR-12 Electronics for Medicine recorder
at a paper speed of 100 to 250 mm/s. Atrial and ventricular
stimulation was performed with a programmable stimulator
(Bloom Associates) using stimuli of 5 to 10 rnA and 2 ms
in duration. When the pacing threshold in the coronary sinus
exceeded 10 rnA, coronary sinus pacing was performed with
a Medtronic rapid atrial stimulator using stimuli up to 20
rnA in strength.
Orthodromic tachycardia was induced in all patients by
either incremental atrial pacing or programmed atrial or
ventricular stimulation with one or two extrastimuli. The
following criteria were used to establish the participation of
an AV bypass tract as the retrograde limb of the tachycardia:
1) an identical pattern of eccentric atrial activation during
ventricular pacing and tachycardia in patients with a free
wall pathway (2); 2) characteristic prolongaton of the ven-
triculoatrial (VA) conduction time with the development of
ipsilateral bundle branch block during tachycardia (3,4); and
3) premature depolarization of the atria during tachycardia
by a ventricular stimulus delivered during the refractory
period of the His bundle (5-7).
After orthodromic tachycardia was induced, incremental
high right atrial and coronary sinus pacing was performed
for bursts of 3 to 5 seconds, starting at a cycle length 10
ms shorter than the tachycardia cycle length and progressing
in 10 ms steps until the tachycardia was terminated or until
a paced cycle length of 250 ms was achieved. In all patients,
pacing was performed at the os of the coronary sinus while
recording electrograms from the mid or proximal coronary
sinus, or from both. Coronary sinus pacing was also per-
formed from at least one additional site in the coronary sinus
(proximal, mid or distal coronary sinus). In patients with a
left free wall bypass tract, pacing was performed at the site
of the shortest VA conduction time during tachycardia while
recording the electrograms from adjacent sites within the
coronary sinus.
Definitions. Dissociation of an atrial electrogram from
orthodromic tachycardia by atrial pacing was defined as
advancement of the atrial electrogram by 10 ms or more
with no change in the ventricular cycle length of the tachy-
cardia. Tachycardias that had spontaneous variation in cycle
length of 10 ms or more were excluded from consideration.
Entrainment during rapid pacing was defined as an increase
in the rate of the tachycardia to a faster pacing rate, with a
resumption of the intrinsic rate of the tachycardia on the
abrupt cessation of pacing (8,9).
Results
Tachycardias incorporating a left free wall bypass
tract. The mean tachycardia cycle length in the seven pa-
tients with a left free wall bypass tract was 324 ± 65 ms.
High right atrial pacing during tachycardia resulted in dis-
sociation of the high right atrial electrogram for three to
nine beats in five patients, and in dissociation of the low
septal atrial electrogram for one to six beats in four patients.
High right atrial pacing never resulted in dissociation of a
coronary sinus atrial electrogram.
Figure 1. Atrioventricular reciprocating tachycardia incorporating
a left free wall accessory pathway. From top to bottom are electro-
cardiographic leads V I, I and III, the high right atrial (HRA)
electrogram, His bundle electrogram (HBE) and electrograms re-
corded from the mid and distal coronary sinus (CS). The earliest
atrial depolarization is recorded at the distal coronary sinus, where
the ventriculoatrial conduction time is 70 ms. The tachycardia cycle
length is 250 ms. Pacing from the distal coronary sinus at a cycle
length of 240 ms results in advancement of all the atrial electro-
grams and immediate entrainment of the tachycardia with a short-
ening of the RR cycle length. The numbers above the electro-
cardiographic and intracardiac recordings in this and subsequent
figures represent the RR cycle length and the cycle length of the
atrial electrograms, respectively. A = atrial electrogram; H =
His bundle depolarization; S = pacing stimulus; V = ventricular
electrogram. Time lines in this and subsequent figures represent
I second intervals.
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Pacing from various locations in the coronary sinus in
patients with a left-sided bypass tract always resulted in
either immediate entrainment or termination of the tachy-
cardia without dissociation of any atrial electrogram (Fig.
I).
Tachycardias incorporating a right free wall bypass
tract. In one patient with a right posterolateral bypass tract
and a tachycardia cycle length of 380 ms, high right atrial
pacing always resulted in entrainment or termination of the
tachycardia. Pacing from the distal and mid coronary sinus
at cycle lengths of 340 and 290 ms resulted in dissociation
of the coronary sinus atrial electrogram for two beats. In a
patient with a right anterior bypass tract and a tachycardia
cycle length of 270 ms, high right atrial pacing always either
entrained or terminated the tachycardia. Pacing from the
mid coronary sinus at cycle lengths of 250, 240 and 230
ms resulted in dissociation of the atrial electrograms re-
corded at the proximal and distal coronary sinus for three
and seven beats, respectively (Fig. 2); the high right atrial
and low septal right atrial electrograms were not dissociated
by high right atrial pacing.
Tachycardias incorporating a posteroseptal bypass
tract. The mean tachycardia cycle length in the six patients
who had a posteroseptal bypass tract was 318 ± 40 ms.
High nght atrial pacing resulted in dissociation of the high
right atrial electrogram for one to six beats in all six patients,
and in dissociation of the low septal atrial electrogram for
one to three beats in four patients (Fig. 3). The coronary
sinus atrial electrogram was never dissociated from the
tachycardia by high right atrial pacing.
In two of the six patients, coronary sinus pacing resulted
in the simultaneous dissociation of the high right atrial, low
septal atrial and coronary sinus atrial electrograms for one
to three beats on multiple occasions. In one patient, the
tachycardia cycle length was 275 ms and the shortest VA
conduction time during tachycardia (100 ms) was recorded
at the os of the coronary sinus (Fig. 4A); pacing at the
coronary sinus os at cycle lengths of 260, 250 and 240 ms
resulted in dissociation of the proximal coronary sinus atrial
electrogram for three beats and of the low septal and high
right atrial electrograms for two beats (Fig. 4B). Pacing at
the proximal coronary sinus at cycle lengths of 250 and 240
ms, where the VA conduction time during tachycardia was
I 15 ms, resulted in simultaneous dissociation of the atrial
electrogram recorded at the coronary sinus os and the low
septal and high right atrial electrograms for one to two beats .
In a second patient, the tachycardia cycle length was 330
ms and the shortest VA conduction time (90 ms) was re-
corded at the coronary sinus os; pacing at the coronary sinus
os at a cycle length of 320 ms resulted in dissociation of
the atrial electrogram recorded in the proximal and mid
coronary sinus (VA conduction times during tachycardia
100 and 110 ms, respectively) and the low septal and high
right atrial electrograms for one beat. Pacing from the prox-
imal coronary sinus at cycle lengths of 320 and 310 ms on
multiple occasions resulted in dissociation of the atrial elec-
trograms recorded at the os and mid coronary sinus and of
the low septal and high right atrial electrograms for one
beat.
Tachycardias incorporating an anteroseptal bypass
tract. In one patient who had an anteroseptal bypass tract
and a tachycardia cycle length of 300 ms, high right atrial
pacing at cycle lengths of 280, 270 and 260 ms resulted in
simultaneous dissociation from the tachycardia of the high
right atrial, low septal atrial and coronary sinus electrograms
for two to three beats (Fig. 5). Pacing from the mid coronary
sinus at cycle lengths of 270 and 260 ms resulted in dis-
sociation of the proximal coronary sinus atrial electrogram
Figure 2. Atrioventricular reciprocating
tachycardia in a patient with a right free
wall accessory pathway. The atrial elec-
trogram recorded in the high right atrium
(HRA) precedes the low septal and coro-
nary sinus (CS) atrial electrograrns . The
tachycardia cycle length is 260 ms. Pac-
ing from the mid coronary sinus at a cycle
length of 250 ms results in dissociation
from the tachycardia of the distal (Dist)
coronary sinus atrial electrogram for seven
beats, and the proximal (Prox) coronary
sinus atrial electrogram for three beats .
The intracardiac recording from the mid
coronary sinus could not be recorded dur-
ing pacing and is not shown. Neither the
high right atrial nor the low septal right
atrial electrograms could be dissociated
from the tachycardia. Abbreviations as in
Figure \
I
III
HRA
HBE
Prox
CS ~1I-W-'IIIf\oo--'NIlJ-~~~N~"'tIf\o"II\o-'\lINII\-,",,"''''ff-~INlI'''''''''lI''U.-"lA
1286 MORADY ET AL.
ATRIOVENTRICULAR RECIPROCATING TACHYCARDIA
JACC Vol. 4, No. 6
December 1984:1283 9
~--~\r""'--"""",vr--....,v"'--""'V----~V-
I
I
V"'"
PrOll
CS
Mid
-:1B
(but not the low septal or high right atrial electrograms) for
three to four beats. Pacing at the os of the coronary sinus
always resulted in immediate entrainment of the tachycardia.
In the second patient with an anteroseptal bypass tract,
the tachycardia cycle length was 370 ms; high right atrial
pacing at a cycle length of 310 ms resulted in dissociation
of the high right atrial and proximal coronary sinus atrial
electrograms (but not the low septal atrial electrogram) for
one beat. Coronary sinus pacing always resulted in entrain-
ment of the tachycardia.
Discussion
Free wall bypass tracts. Our findings demonstrate that
during atrioventricular (AV) reciprocating tachycardia in
patients with a left free wall bypass tract, right atrial pacing
can dissociate the low septal right atrial electrograms, whereas
left atrial pacing always either entrains or terminates the
tachycardia. Conversely, in patients with a right free wall
bypass tract, left atrial pacing can dissociate the coronary
sinus atrial electrograms from the tachycardia, whereas right
atrial pacing always entrains or terminates the tachycardia.
These observations suggest two distinct inputs to the AV
node, with the left-sided input being part of the tachycardia
circuit in patients with a left-sided bypass tract and the right-
sided input being part of the tachycardia circuit in patients
with a right-sided bypass tract. These findings are consistent
with morphologic observations (10) in the human AV node
of mitral and tricuspid extensions of the portion of the AV
junctional areas in contact with atrial myocardium. These
mitral and tricuspid extensions may represent the structural
basis for two distinct AV nodal inputs .
Septal bypass tracts. In marked contrast to the effects
of atrial pacing in patients with a free wall bypass tract are
lA CC \ ( I. 4. No. 6
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Figure 4. A, Atrioventricul ar (AV) reciprocating
tachycardia in a patient with a posteroseptaJaccessory
pathway. The tachycardia cycle length is 275 ms.
The shortest ventriculoatrial conduction time (100
ms) is recorded at the os ofthe coronary sinus (CSos).
B, Paring at the os of the coronary sinus at a cycle
length of 250 ms results in dissociation from the
tachycardia of the proximal coronary sinus atrial elec-
trogram for three beats, and of the low septal and
high right atrial e1ectrograms for two beats. The sixth
pacing stimulus penetrates the tachycardia circuit and
results In AV nodal block. The seventh and eighth
pacing stimuli result in preexcited QRS complexes.
The intracardiac recording from the coronary sinus
os could not be recorded during pacing and is not
shown Abbreviations as before .
B
s s s s s s s s s
the effects of atrial pacing iii patient s with a septal bypass
tract. The low septal right atrial and coronary sinus atrial
electrograms can be simultaneously dissociated from or-
thodromic tachycardia in some patients with a posteroseptal
or anteroseptal bypass tract. One possible explanation for
this finding is that the right- and left-sided inputs to the AV
node are not a necessary link in the tachycardia circuit in
these patients. it may be that there are distinct anterior and
posterior septal inputs to the AV node , or that the septal
bypass tract is in such close proximity to the AV node that
little or no atrial myocardium is required in the AV recip-
rocating tachycardia circuit. The atrial electrograms re-
corded in this study were those that are conventionally re-
corded in clinical electrophysiologic studies. The participation
of a small portion of the atrium iri close proximity to the
AV node, not accessible to the standard electrode catheter
positions, cannot be ruled out.
Sung et al. (11) demonstrated that retrograde conduction
over a slow AV nodal pathway could result in earliest atrial
activation at the os of the coronary sinus and suggested that
a retrograde exit of the AV node may be located in the
posteroinferior portion of the AV node, near the coronary
sinus. Furthermore, it has been suggested (12) that poster-
oseptal bypass tracts may arise from atrial tissue immedi -
ately surrounding the os of the coronary sinus . The ability
to dissociate the coronary sinus electrograms during or-
thodromic tachycardia in some patient s with a posteroseptal
bypass tract , in association with the preceding observations,
suggests that some fibers of posteroseptal bypass tract s may
insert directl y into or very close to the AV node . Insertion
of fibers of a posteroseptal bypass tract into or very close
to the AV node would explain how orthodromic tachycardia
could remain undisturbed despite premature depolarization
of the atrial electrogram recorded at the os of the coronary
sinus.
It is unclear why simultaneous dissociation of the low
septal and coronary sinus atrial electrograms during or-
thodromic tachycardia was observed in only three of eight
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Figure 5. A. Atrioventricular (AV) re-
ciprocat ing tachycardia in a patient with
an anteroseptaJ accessory pathwa y. The
tachycardia cycle length is 300 ms. The
shortest ventriculoatrial conduction time
(100 ms) is recorded in the His bundle
electrogram (HBE) . B. High right atrial
pacing at a cycle length of 270 ms dur-
ing the tachycardia results in dissocia-
tion of the high right atrial (HRA) elec-
trogram for three beats, and of the low
septal atrial electrogram and the coro-
nary sinus (e S) atrial electrograms for
two beats. The last two pacing stimuli
penetrate the AV node and shorten the
subsequent two RR cycles. The tachy-
cardia resumes on the cessation of pac-
ing. The arrows in the His bundle elec-
trogram point to the low septal atrial
electrograms. Abbre viations as before .
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patients with a septal bypass tract. The ability to dissociate
these atrial electrograms was not related to the tachycardia
cycle length. It may be that there is anatomic variation in
the proximity of the septal bypass tract to the AV node.
with simultaneous dissociation of the low septal and coro-
nary sinus atrial electrograms being possible only when the
septal bypass tract is in close proximity to the AV node.
In patients with a posteroseptal bypass tract. the coro-
nary sinus atrial electrograms could be dissociated from
orthodromic tachycardia by coronary sinus pacing, but not
by pacing from the the high right atrium. The explanation
for this observation may relate to the position of the pacing
catheter relative to the AV node and the remainder of the
tachycardia circuit. Because the coronary sinus os and the
AV node are in close proximity, it is unlikely that a stimulus
arising in the high right atrium could selectively depolarize
atrial tissue in the vicinity of the coronary sinus os without
also penetrating the AV node and either terminating or en-
training the tachycardia.
In contrast, in patients with an anteroseptal bypass tract ,
the coronary sinus atrial electrograms could be dissociated
from orthodromic tachycardia by high right atrial pacing.
In these patients , input to the AV node during tachycardia
is from the anterior septum rather than from the posterior
septum. The ability to dissociate the coronary sinus atrial
electrograms by right atrial pacing in patients with an an-
teroseptal bypass tract may be explained by the fact that the
coronary sinus is farther from the anterior approach to the
AV node than from the posterior approaches.
Limitations. The principal limitation of this study is the
inability to provide absolute proof that atrial dissociation
actually occurred. The determination that it had occurred
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was based on the premature capture of an atrial electrogram
without a change in the ventricular cycle length during
tachycardia. However, it is possible that atrial pacing might
penetrate the tachycardia circuit and yet not be associated
with a change in the ventricular cycle length if premature
atrial depolarization is accompanied by a compensatory de-
lay in AV nodal conduction. This phenomenon would result
in apparent atrial dissociation.
The following observations suggest that atrial pacing
during Tachycardia actually did result in simultaneous dis-
sociation of the high right atrial, low septal and coronary
sinus atrial electrograms in two of the patients with a pos-
teroseptal bypass tract and one of the patients with an an-
teroseptal bypass tract: I) The atrial electrograms were never
dissociated from orthodromic tachycardia by coronary sinus
pacing in patients who had a left free wall bypass tract. In
these patients, premature atrial capture was always accom-
panied by either a shortening or a lengthening of the sub-
sequent ventricular cycle length, reflecting either immediate
entrainment or termination of the tachycardia. If a constant
ventricular cycle length in association with premature atrial
capture was due to a compensatory delay in AV nodal con-
duction rather than actual atrial dissociation, the phenom-
enon would be expected to have occurred, not only in pa-
tients with a posteroseptal bypass tract, but in patients with
a left free wall bypass tract as well. 2) In 10 patients without
an accessory pathway, when atrial overdrive pacing per-
formed at the shortest cycle length associated with I : I AV
conduction was followed by variable coupling intervals with
a train of atrial stimuli at a cycle length 10 to 50 ms shorter
than the basic drive rate, there were never two or more
consecutive RR cycles with the same cycle length as that
of the drive train (Morady et al., unpublished observations).
It is, therefore, unlikely that a delay in AV nodal conduction
would compensate precisely for premature depolarization
of an atrial electrogram for up to three consecutive beats.
In contrast, in this study, the atrial electrograms were dis-
sociated from the ventricular electrograms for more than
one beat in two of the three patients with a septal bypass
tract. 3) The finding of premature atrial capture without
alteration of the ventricular cycle length was reproducible
on multiple occasions in all of the patients with this finding.
Clinical implications. In patients with supraventricular
tachycardia who undergo electrophysiologic testing to de-
termine the tachycardia mechanism, the ability to dissociate
all standard atrial electrograms from a tachycardia by atrial
pacing from the coronary sinus does not exclude the pos-
sibility of orthodromic tachycardia involving a posteroseptal
accessory pathway. In addition, the ability to dissociate all
standard atrial electrograms from a tachycardia by high right
atrial pacing does not exclude the possibility of orthodromic
tachycardia involving an anteroseptal accessory pathway.
However, the simultaneous dissociation of all standard atrial
electrograms by right or left atrial pacing would appear to
rule out orthodromic tachycardia incorporating a free wall
accessory pathway.
Conclusions. The effects of atrial pacing during AV
reciprocating tachycardia in patients with a free wall bypass
tract imply two distinct AV nodal inputs. The ability to
dissociate all of the conventionally recorded atrial electro-
grams in some patients with a septal bypass tract suggests
that posteroseptal and anteroseptal bypass tracts are in close
contact with the AV node from a functional standpoint.
Detailed pathologic studies will be necessary to elucidate
the anatomic relation of the AV node to the septal bypass
tract.
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